
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD015833

unclassified

confidential

Approved for public release; distribution is
unlimited.

Controlling DoD Organization: Office of Naval
Research, Arlington, VA.

Office of Naval Research ltr dtd 26 Oct 1972;
Office of Naval Research ltr dtd 26 Oct 1972



UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD015833

confidential

restricted

EO 10501 dtd 5 Nov 1953 and ONR ltr dtd 11 Dec
1953



CLASSIFICATION ;ANGED 

FROM 
|n«»p»     s„Il£8S 

TO 
insert   Class 

5 November, 1953 

Month    Dav   Year 

Cl2ssitic£ti;.,i cancel!.d in rto'iap.'ce ?.:;:i 
! Executive Order Ifc'A issued 5 November 1953 

By authority of 
Document Service Center 
Armed Services lech, info Agency 

Specify   Authority   Being   Used 

Best Available Copy 

This action was rendered b: 7^*/      ~~?" . 
j&£3G2Sf&L, 

Name   fn   full 

f% tSi 

Dat« 

?©ewm©irit   Service   Cenf«f# A 



•'i^r^«aK-.'.;>;w.-- •*• -J   Tsi* 

V^ "**"** 

UAMS 

:'.V:'^'«--  -T.T3 WWT 'Vt?. 

***** 
•*•*-» 

j, •-•'   <p yf s » * Jj. 4 

By «fi*atiOB #J        v' 

V tZi $$*. u> I 
rv- 

I    I V 

DEPARTMENT OF AERONAUTICAL ENGINEERING 

>••. - •    -•..»--"•.   * 



** of t&s M&9J 

Qgfim of iS&ml Sleseaarcti 

TWS WffBCY Of flSCOlS ill!) BASHC CORECS. fftflRH 

BB&IBAXIIS OH ULicsraK I©?M2®8 ssoiiaiir AID CCRROL 

FAST I - WKKOeglC&L MS&TBI3 

>y  Alias M. McCacfclil 

Aes-oiMBitie®! fesgiaeeriKf; L&temtCRry 
K©f©rt le. 223 

H&rcfe - 1953 

FirajMtt'esl &ys 
^\ *r        7 *+.    TS&     s3r*'t«.-(. •at     « 1 

Ailaa M. Kc&Mtfctll 

' *...; lit ICTIJJ 

:>;V,:':V!:;'^K.T.^ 



:ratewv^nfi£>$ESMe*!8Sg3eiMMMi 

,..... 

J 1 

^^»»•w^iP»5^*i^ 

^ * i*< - .AiUiS& 

5*       USf or SBWSLB 

6.     vmsamsxL 

8=        Sl?SK^CSi3 

5 

3ft 

IS 

res£SB?mi 
Bwaaiw liiwfci 



BEmmacTMQ 

-••/^TS^v -•-.":?ir; 

1 
.   i 

fc,-.=-^ri... spies 

.: 2.    f•-• 
•*'    •'   . 

ilfe," -"* 

jj ! 
si 

1,       SIM^HY 
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A stabilization syst-esa la considered is vMeh t&& ttla&e ®s&«§ «t& 

•erodyssmie citarActsriatlcs are a©&ifl«& so sa t© rtsalt i» cjpeiic 

featheriag aomsats t€a&L»g to sta.Mli.2e the helicopter*   fhe mmm& fi*ie 

is permitted to respogd to fcfeese stmMlisisf aoaea&a 'bj beisg eotmectst 

to t&e pilot's cyclic pitcS* coatrol by a ©prt!§& eni ® Tiaecww danger im I 

parallel. fti* ©ffeeis of iaeorporatiag difSavest type® of %*&$ a&d 

*?rodyia»slc characteristics &s?A different sa|pitffid&s of- eassfcic &A { 
•     l 

Yiscous restraints are ceaaidered.   A theoretical analysis is jwwiaemted | 

by aa&ae of 'Aiek root loci &a& reapcase crarrea are obtained.    Aa ©mLtsstisa «   - ! 
i     1 

of the usefliliiegs of t&* &w$f9 ia attested* 

. » 
i 

; i 
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Sail* it appear* feastfelc to successfully stabilise a feeliceftssr 

vlth an autcnatle pilot, the i&corporatlon of each a Ssmrle* i«^@g*8 a 

severe penalty «hea f sac tors such m wight, cast, assd «&isai©»asc© are 

taken into consideration.    She utilisation of % stepX® »&*solo*l etafeiil* 

sation Method, such as the ©m eo&eiSarwS, is %&±% stwiyj eeaXt S@sii.gSly 

rsstect araeh penaltiee is aeiitiea te- MMjslsi&g the p@gstbilitl«s of 

fallssT© la the system. 

Shs stsMlixatian s*rthe4 stater eoasi&asmtioa ires previously $r®g»oaf®i 

hyX.H* Miller (Saf. 1 and 2).    Is this aysfeejs **& pilot'• cyclic pitch 

control is connected to the 80n°*retatiag part of the swash flate throagh 

a spring end a viscous deader is parallel (Fig. 1).   larasenie sss*e&t 

variations about the blade feathering axis a^a fed basis through t&*» lk& 

linkages to the evash plats.    £bs aoti«a of i&a awash plate la response 

to these sweat variations introduces cyclic pitch changes wkleh; for a 

properly designed system, hare a stabilising effect tspon the k©lle©pter* 

*W&& harmonic aasaent Tariations can be obt&ined by displacing the blade 

center of gravity or tae bias!® aerodynamic ceatsr froas the feathering 

axis, or by us# of «a snspasetrical, airfoil section*    Since the restraints 

are applied to the aaoa- rotating part of the sva&h plate, different dagreea 

cf stabilisation are obtainable In the lateral «M longitudinal stations. 

It •wesuld tans be possible to provid® adequate stabilization for the 

pitching jasticn without otrm^tsbiliaiag the helicopter la rail. 
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of t&ft affaetf af t&le s&jazys «f etaai£4wt&«a earn a* asriaimseS, 

©# fallaaa*    If tSs« t;if fata alaaa af a telie^-iss* la *9tstad aUsJs £#j*jwfc 

to tfca aaslaaa aaaat tfes* giteaisg *X$M, §p^sss%is gs«.*sa"6«. praaagrtl$gM& 

fca t&a jpitc&iaMi fwlaeity act aa tJfee alaias ateat tag raU&af axis*   Slast 

taa flteUag sw»tia» refasxvi t» is aita r>Mp&et- ta tig aari&am,* it aam te 

*«r£s£asa& sn* eaaMalag taa a£$eala$ mtim. ®f t&o isaXleapta? aadl tfee 

yive&iaf af ta& tij> ya&li fSaaa attli raofaet ta tfea aaaffc*    IX tiaa VUkta 

eaatar of grfertty is XoeateA &$a&g&& «f t&$ 1IM® fa&thariag axis ami tat 

smalt flata la allasa* a fis^a® of fraa&sa,, taaso gp^^^pis &mw&& wsll 

isos-oaso tte iseii&asa af M&aas a£va»oi$$ la. fetea iixaertiatt «l5 fe^ssrm 

tly pata fl&aa aiteaiaf oM iaesaaaa ta* ijseiJaas* «£   ssr 

Skis cyclic fa&taariag action iaesaasse fea® iss®gstJi§ ia ;§itc& af t&a 

Balieoatar fey &aa$iag tad fitskisf jK»ti«Ka of t&s t-if iwttlt aXsaa&o   SasSi a 

4?feSf i.^S  af  tfetO  $1$ 2*tfe g>i&«* alts  Sf®S£S®t   U>  it®   £ait£al J&&8S   of 

rotatlaa km s» att^rso offact *t;©s. t«a *aa$aaso af a aaHoaftar ta ft 

esss.i3-c.-X isg&% to-» t^» Le$ ef tkE tip f^t& fla&s $£-*r*l&ss sstssosts ?J»imt tj^» 

feslicerpter e^atsr «f grsrity sMck Mir* * tt«3Mlliiag «ff«cte    It o^ rtiliTy 

¥« »aas tisat if ta$ alsAt. «#s*«hSy^«!ic e*ater Is X*e*ta4 Isaaiat tin f«atS»«laf 

asci® tae rotor-c» ialycreat 4«js^i*g la fitaa will aa iai^ssiused ay a fast©!? 

aapaaiaat 'ggom 1E&* aaaaat of aaro4^%aaaic eaa^ar offset siaa@ tSw ajg^Kst^leal 

iS&tolsaA. ®sS99ss!.ta •sili, fx^hsce a cyeiic yitcb eaaagi 'teMia^ to qpjK?@e tfee 

•rw%m"» ^ttzhlm. natlam*   sy^s off cat ef t3a» *fel**« atr«>4y^fe«ie eaatar a&sa 

s«s«ita ia a (r:#ata"*i fa*i£»ae]e peaaartieaal 'to taa taraaalatieaal taleeity of 

ta« aalic^ta* aa £&®& Vw uaa of ca»lB«T«4 bl*a»®«>   Saia fa*€feaali., kawirtay^ 

* i'l 
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'SMM a ®BS12 effect in mMt e&gpv&t    11 ss&uld be notes tttat iff the ratio of ! 

sjiro&yBs&ie %ahala»ce or blade pitching aoeeat tJcefftcleet fee simst'tr. ; 

srmtardBt la too greet, s« testability c-su occtur. }' 

Because of the large nnbM of •werift&las involved, a& aa&Ug eaqpttfter 

wa.s ea&loyed to obtain the Telocity responses•    8 lace the characteristics 

of the motion ess be dessonstrited frcei either the attitude or ths miacity 

response, the latter v&a utilized 'beesas® it permitted soss 5ia$lifieatioa 

ia analog operation. • 
I        :    I 

! 
• I 

I       -  I TbiB  report cohere the first phase of as investigation vhicb "fill 

'      I 
conclude with the installation on & helicopter ssociel of the stabilisation        j 

I :- I 
device described above > For the purposes of later comparison vith fli$at        l 

test data the results presented in this psy?er vere obtained for the ssedel 

to be tested.o She genesai results &n& trends should be equally valid for 

a full scale hcllcarpter.. 
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If the BESOXI feedback proportional to horisoatal Telocity ia neglected, 

and  ir ~r>e pilcMrig velocity of  the   tip  pgxii plane *<ritii respect to  the 

horl&on jr   cor.-itdsred equal  to the pitching tfeloelty fif the haiicapterj, 

the system ander consideration is equivalent to ta autopilot with feedback 

proportional to the helicopter pitchlag Telocity sad a fciae leg eggs&X to the 

ratio of viscous to elastic restraint*   'Misr thru* &sarcBSjgti»»»., Smsss* 

root la&m sethod (Ref* 3) can be applied to the systest (?ig. 2 stad 3}* 

If tie* tiae lag is zero, the systas, performs like & pure rate gQ??©. 

the loess of root* ?tFlg* 3*   ''    " ®) shows that for zero pda the response 

is that of the txnstabllised helicopter.   As the feedback »a$ei trade is iss:rea@!®d 

free the aero value, the daispiag of the long period aotloa isggreves s&ile 

the period of oscillation increases.   For this condition, however, the 

helicopter cannot be nsde sssorc than neutrally stable,   The short period 

oscillation is heavily damped in all cases and ims a negligible effect an the 

response*   As the tias lag ia increased, better stability characteristics 

are obtainable«   It ehould he noted that except fc very large values of tis» 

lag., increasing the gain not only stabilises tise helicopter bat increases 

the period of the long period ctaeillftfeloa..    f&is Ssjriiss that the rate of 

response is decidedly decraassA froa that of the tanstabiiis®d helicopter. 

Far the vary Xarjgs vataea of tiws lag far iMeU the period of otifclllatica 

decreases for ®a Initial inevefise is faetDfearsk (?lg. 3, J* _   «00)j. 

the grediwlxatnt saation will be a elcair aperiodic convergence ehles •-fixi, 

psjtewsat the iaiti&l rate of response frss "©stag a« gr*&v s«* that of tag 

i^^sHsw?^^^ 
.-.   .-7.r^is-~ ^^--•+-^v.Y?w^^.^•^i'•v'!. 
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«natahllise& helieopter*   fee asigBltttds of the feedback is progortio&feX to 

the saaoyst of fcl&dft center of gravity or aere&ysmifc e^at-ar offset ««!. 

inversely proportional to the aggotat of riseew dssgilKg la. ttee seestnslat* 

For any degree of *riiic©«* da^plBg is tbo restraiat ft wery Xaargis epriag 

constant prcdwee* a rery stiff restraint sad the resgoaas of the helicopt&r 

to say control sottoa approaches that of the •aisstsMlised eottfigKratlga 

(Fig* % to 6).   As the sprlsg stiffhess is *iser@9*«d the dsapiag ®t t)M 

loag period oscillation heeetses greater with the affect 190a tbs fireigaeaoy 

dependent t^pss the ssount of eiseous isa^iag ia the re§t**£ist.    If the 

spring stiffness Is aaintaleed at a constant mltie while the sasesat of 

dragging is varied* it is foxsed that a iarg* viscous restraint 8#proaehe«f 

the unstabilixed condition.    As the sassst of viscous .isspisg is lessened, 

the frequency of tfee long period asotion is decreased with the offset 'spes. 

thf damping of the oscillat-ias varying according t<> the aagmitude of the 

elastic restraint (Fig. 7 to 9). 

If an off sat might os &a otherwise a&ss twilanced triads is used to 

©tjtain the necee-sary feedback of forces to the eia&afe plate, the saotint of 

f*»*£a&ck is proportional to the product of the radial position, the 

ohordwise position, *&£ the &*u>3 of the weight0    AB increase ia any of these 

pae-asseiers increases iJfes feedback of the ay»t»s (Fig* 10 suad 11). 

Wt*r<®m, the sssrseptioss was sefM&& ia chtainisg the root loci that all 

feedbacks except that prcportioB&l to pitching velocity cf the tip pat& 

pleas with respect to the hoarisaa were sssgligible,  *his assva^tioa taut set 

T^'V^-fliV«f'v^i---^^--^:-.;-^v , .,=.'i..-:V'^^::,     -%5>jf^*pG:;-.- 



used in obtaining the Telocity r@sp©&se curves.   the i 

suggests thet the essuspticu is justified sad. results ia 

la the results 

error« 

f&e root loci assS reeposee curves wese ohtslaed for & ja@&sl heiiessgter 

with the following characteristic!*s 

fi   «• 120.% red. Bee/'4' 

B    =• 3 ft. 

* * 5*75  - 

e « .208 ft. 

JSj - &»9%2. 

5 - .02^5 

T » 3^*13 lb, 

h •» -.9^3 ft. 

« ^ 0 

I m   «2Q6 

Si   ~ i»357 slugs 

6 » .0^36 r*4» 

u   * .an 
0 

b     « £ 

If ee,»b«r*<5. bl&det ass1* utilised it should be s.o?:#d thet too iergs » 

ratio of blade pitching ?ss«»Ht coefficient; to elastic s&strslfit e*» emm* 

& lonjgltttjdiAsl dtiurgsace of the sw*sli. pl&t*1 frcs t&* fcriat position. 

SiB^JLtt'ij' as ejeeesstTe triads stsryodjasesaie center tffeet ess knfe tfee s«sg; 

result*   it; wsld t'tei'ei'sss-® not 1»» e&vle<E»>l« to ssJus &s^: ia&faaXl&ticaa 

WltflCfUt  & pTSJ.i^.'5.i\£j;"7/   ,Cu.'.'*C''i*€:T."iCS.i,   UlY'SStMjJ&fVS.OjEto 

••'•^••^'V" ?/",,•.; •:•?.* ?•*;-;.' .'.Ky^r1,"•.••:•.:'" ~-.- ;":>;,v;>;.-.,ri'i. • ^.••j.vJ;:       ;.-••'.-.    — ...'-•.';,..•-/  .'; — -Tftw, -":' ••;-; ;*-. 
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An irmlisftiimii of tfee ueeft&Iaess of tiada a%'Us&d of et*feilis£&io& is 

Sepea&eat qpon the type of eoatroi resposse s&e»$ir®do    £*e2?e*ei8!g; tfco ottfAlXlty 

of the helicopter rewwlts ia e, decrease la t&© M&te of rr^«se®«    If it Is 

d*sire& to omiat&is* the rate of r»sposwNB of tttt «BStakilis©j| i^sXieeptarj ^ix 

syetea esfcsxsoi be aeed by lt*«if»    Ia ordar to keep tke origts&L rate of 

response end yet have a well daaped ossillatiasj fc&» fraffteasy e£ t&e iosg 

period sotioa atust "be increased gy*atly vtthcrai altswlag erfcfeer assies to 

become sore poorly (isagssd*   'Sis perhaps eeald be accomplished by a assteaK 

iarestifated by Siller (Baf. 2) ia ifcieSs, ®& a&ditioaal f#e£hac& iepesdeat 

^p©» the saotioa of £hs tip $<»th pl&ae with r#sisget to the helie^tar mm i»« 

claded.   This WM hot ea<®sid«red Is the present issftistijiatias *ss£ to ttes 

diffiealtios Is pgRysieally iaserperatiaf each » li*&a®& is £ eoa^^fcioaai 

rotor system. 

la say ssall helicopter is waieh the rate of £fi»jM3M® is &e ias^ m 

to be undesirable, this m&a&e of sts&ilisAtiea appears to hasa great ;§<r«i®a.> 

It woia perform tee emml task of redoci&g -Ms ki^p? rate of yearpo&sse aa& 

sis© iagtartinf * kigs degree of stability to thss helicopter*    fte fast 

iastaliatlou could be »s*ls at & aiaism wsighfc and cost peaalty ©Is® ©ffsiisrs 

highly *«l«able« 

1$ my be desire&Ie to hare different &s|p?e®s5 of stability ia stick.- 

flaasd a&d stick-free flighto   A stiff es«Ebi»aiia& &f riseeafi aa& elastic 

restraiatfl between fch® pilotcs ecnta*>l sad the. «%**& plate uwald iasare a 

r<spld rmt© of reuposae to a control inpst*    If them * ea«?p*2faiiwly soft 

efM^lnatloa of restraints were' pieced '»«•?»&«» tfee piij5tps ^:»^trel aoasl Hw 

8 

; 

1 l 

I I 

iftftv *     ^ 

iHW.WW^rawppra^MM^ 



fracas oi the helicopter,, * hlig& degree of stability could sxs obtained in 

stiek-tr^e flight* 

la I««rgs hgliccpteroj *aj lesi Is r»t<s of rssptasAs ssmily csanoi fc* 

tolerstoft*    la sfidisioa,,, ^sij increase is &lrc-*dy large stick forces "by 

incorporation of sa&ae or aarodjixsajic. unbalance «J3|HS«8 ^inadvisable <> 

fS&is HMtass of ttaMXltatlon therefore sgrpaarE to fesTs little application* 

to h&lleapters of larger ei«e* 

•' • ?Tt'^;;"*-"?";,',V •j!'Sr?'*'irr ••"- •-» r   :.;••••. "I;-,:--, .ir--*-     ••••~--;i,'-..-rr ::••-•„   f?« •Wf «.vi 
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wsMtelsalacee, sss,e. ca*ber, ss& fey Ist^gsSsfcisg »alts&l« riseow* ®&> 

restmtats feetvees t!j® cyclic pltefe £osfcs>Ql #«& ttea sea-roWtisg 

tfe* swuta pl*t®,, »t»&ili*Mia© of all notes ctf i&* &stiea of s 

2C   Sfee ptsssSMXitj exists of sg&slmg. % ^sliesgrfesir sa^srsssslj mtifcsM* 

$gal& tbsa^efcsHB 1® »ee«£*flu?7 teftfosre s&taqptl&g say Asust&Hmtiem 

iato *ceea»i tfe« pcesllaff e3Myr«c$«s:ri*fcie.-« of ^se gtroa esefipyffttle© 

3,   Sias« it «M fe*a& tt*i ii«lt*tiscjB «adL»fc s# to tbs rat® of 

tfel* •t«Ml£&*tlo& a*ti&p& is iagpesisSwBi •SQ^JE t&a $;g$# of s@sp©»® ia«i£«&* 

la cmCU %-fl.ll£^yt«r* la «faJLelk tfeas ntt* of s«spo&«&' is my •Lsri** t"  • 

is rate ©f i^«|ca*i« isfe&rsyat la tfcfc #;«&*** &&& *&§ 2»ss?««ry iS£X*a*« is 

ISSfOK?P® 

;,A 

^.«VKWS=**S^S«»«TO>^ 
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k*   Fart&er g-feftij" iamLrlag aodtl testing will rvratftl sassy &£ tS» 

difficult tlei (Mel ssigkit ari©« la SMS tostallation ess a fall ae&Le 

feelic«spt«y,    Se-cfe m s»tsl wmiia§ frogsc-rat vill also ssxr« s»« & •clwsest 

on the tlksore^ic«l *»*tlysi6« 

•|,    1i*» geaeril tread IMIcfttei ta fcMi s»»f«r sl^uXi r*B§A» t&& *<sg® 

for saj conyentieaal full ec&ls fcellecfpter* fccnnnnsi'j becaaase of tfe§ 

stesge Is Xocstloa of tka scoots on ttee eaqplex pXaae, t&a eltaps of tfen 

i-oot locus e«r?«# (Fig- 3} say "be sa&tifiM* 

8^?s:rc?gt» 

.L.T-4*. 

^-,-v- - - -   - , , - s- - f- - 
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A, ,B    « I&teral- aad los.AgitVi.dir.iLl cosponeiits of swash plate 
*   x      Incliaatioa with respect to shaft., rad. 

B * lateral sad longitudinal cosmonauts of cyeiie pitch 
Ic control position witJs. respect to shaft, rad» 

c    «   4-- DC*IL*R3h 

C_        ~ "blade element pitching aoM*nt coefficient 
"b 

D   '•- differential operator 

I      * blade saaeaent of inertia about the flapping hinge * /   ar dr 

I        •-- sjasant cf Inertia of helicopter  in pitchy lb*, ft. sec. 
f '% 

M'!     «      /     acred, dr 
-! f 

**1 "r ?\ 

7K 

T L    T5~- ss^aaJl &n$ t&tig^ftvt&l v^loeiia^a at a blade eleuent* 

a   * blade eiemant lift 'var?* slope* rad«" 
3 

X 
•      •» longitudinal a*i,a Iv&etial ccasfCR^ate of   p  « rM* 
1 * 
1.    - liusler cf *hl*<i£-i>. 

I 
c    •» bl&de chjfa,   ft.. { 

?, » 'iflseous restraint gbo--u.i t.Lads* fftatJErinring, sxxe.. 
*      ft. lb„ ft&c. r*d. 

&,  ••* blad£< t.,g:.. Lx&tit»ii sh-aa of feathering axis, 



a «• diataace of fiajypiag Blags froa rotational axis, ft. 

h * diataace iTsse Jselieopter e.g. to heal), ft.. 

h • blade &^Cc loc&tioa ahead of feathering aweiSj, percent ebord 

k » elastic r^stomist about blade f&at&eriztg sads? ft« 3*4 rad. 
•far - • 

1. « offaet s««s position abead of blade fe&tfeeriag AXi«; ft. 

-1 
A        «   W&&&    I3&S3,      SiS&gS     fto 

* • belieoptes' tr«o«latl.oaeJL «$&&, sivsgs 

«L * off get JB&SS^ alis^s 

r   •- Siris^wa ft?ofe rotational axis f> blade eiaa£xt.t< it, 

y   » diataace of offset neaa froa rot&tioaal axis, ft* 

T   * :rotor induced -Telocity (•saaasd ccaetaat orer dies) 

^JSJB >*&.    » coordinatee of effeet atass referred to fixed axes, ft, 

\> y*.' \     «~coordinate* of biad# elaavsnt referred to fixed axe*', 
ft. (Figo 23) 

x O" « s - eoordimtes of rotor lint referred to fixed &x&&f ft. 
(Fig, 22) 

a       c<,    * belieeptsr pitca sad rail a&#les referred to fixed «xse, 
* red.  ;>ig. IS.) 

ft    «* &lste flawing eagle referred to fixed axea (Fig* 12) 
«. 8_.<- ft    COS -41 i,  B-   «iu  4' 

•"      1 i 

fo   • MMK coning «Qgl*> red. 
it 

6. -    sif 

2? a! awe** blades profile drsig; coefficient 

0 » Blade n&tak mgle refterswd to fXs»d axea, red. 

£~Y« blade collective piteb sag te,. r&d. 

IWW&SWB 

.!•; 



R&3TKIC!TK£ 

©s « lateral component of G ,ra&<. 
i A - OC 

I    2 

G» * longitudinal component of © ,  rad, 

;;- 
Bi * % 

X^* mean inflcv factor * 
v 

•*o 

p •* air density, slugs ft.- ~* 

'4»   » fclade aziwita position (fig. 12) 

JT1 •- rotor speed> rM, sec >     : 

tOS^KREE 

r» 



6.   OTGRmCAfc AMLSBIS 

If * »» E-,  js s£tis,cSigsi to i&a blMe at a radius sr, mid. ®£ a disiaae* 

1-    f.rom the feathering ®xi.af th® sKS6£»t of liiia as.ss about the feetiierirtf 

sxi& esa be expressed by 

r, t> * I.© * fx, i*x\  *' l.«L   L ri? + !-©• C^.   cos 4-  + y..slB 4»   ) 6 

\« + s. y       cos u/ ~ aL      ©in ys } © ( 

vtt&sns 

>^SB TR, r.   cos <i>   + 1-   BilS di 

y   - *\ «tn ih 

If ttee bl&de center of grsrtty willifi8i& ibs attached JS&SSS is iae&ted. 

at a dist*yas« do she ad of fcfc.e featlHsriag asls    (Fig.- 13), the liiade 

iaertift ascasentg about t&e fe&tbariag axis caa fee vrltteo as 
- R 

Wt>m* /   lZfe*Ux
fc 

cos ^ 4".yb s,n MO^Jmc 
•uaei'e 

x w a a    ~ r cois p ?;os d>   Srf     x    - r coa  QJ 

"*-     V,  O    59rt   i*      '•*'    <     rt      COS    y'j   5   *. A 

ASf^JCTlD 
.._«». un 1. SfiSKa. 

•; K 

i   : 

t 
i 

t 

•;-***•        * • ,       ^<-^      -i.'SSg^"*   •«•-' *" r      "    ^ "^     »'        1'1-'    ,a"      "»     "       T<'• '     .45.- '*< -      H"-.."^ 



t 

\\\   »   /    mcdLr 
'"' T-» 

With  s-»v- Viri'V-   :-,,f-roit'/5instic c?nt-?r  -:*.  .-i dittscc* h-C tmc<*d of the 
i 

' *'*i t Uf H *i«: fu>.li   sfjg,  il);   f.'t»* a-fi ciytifeEilc oaaerits soout the feathering 

p * - £bcos p - (xb cos 4/ +• yb 5«n tpj &<n £> -•- A^UR, 

rflh +rdi -GLXJ COS  d> \ * ""I        "\Q     0/ 

*• s' •• rCia  + r 6 - 8 <•  )Sin d> + X^fLR 

5rn ip -yccos 9 •*• ^r 

» f    r —   -.->   *•" 
V!,  ! 

i..  *J <3 

~. "S. •«, *ti "-5, 

c 3 

• ••• •'•'     ~P o..        j a /   *""""    r 

R^:.;: ;!* ; CTT?B 



.t"SJ!^?^t*.ifiBS*:-*^ 
« re »i •ir^i"M-imfifni» * -"'»»:.._ •<A*ii««A:W»^Wa*sSla(^W^ ...i-\ J   •.: .\-?«.<r..^~r: 

FURST8XCE&) 
,'7'Ti 

•4-A^ilK   x      sm u;     h.   4- C 1   :**   =» 

9      i / *s • 
•i-il  ar -ilK v.. cos   tb •3! I .    Y 

i    i 

°^e seaawtat about the feathering axis Sate to the alaatie sad ^iseoas 

restraints 1B the control sysiesi can be gl^&n 

'M ) d 
5tn ^ 

fhe mssastloa of all ssoaieais &h©sat the feathering axis ssaet eqa&l zaro-. 

If the rat® of change of •she coefficients of the'-resulting trigenanetric 

equation %.% assessed to be small is comparison with rotor fretpeacyi a 

solution can be ofet&insd by etpating the susnatlon of coefficients of 

eiailar functions to sero.    Only the longitudinal aquation is of interest 

ia this study.    If the case of two counter-rotating rotors or a single 

rotor asachine with negligible celling betneea lateral sad loagttttfiJLa&l 

notions is aonel&ered fed fctoe pitehi&g velocity of the tip path pliyae its 

the lateral direction is neglected 

- 1 R.     . K  if y i L + y 

r* 

cX 

'IS 

,   .*      >      A  '*"•« O 1 

-•-.'.;- .   »•'•-  •',   •->•:> ~i;   > I"..1- • ^.3:*K5^;f>.-;;^-;;-'••'    -7 ?wz*&•-z:-.-~^ •it.&r:~:tiY^ 



:x     m,i. J 
1    <~ Si"* 

9.1 r Cj, 

The equation of rastdon about the flapping hinge ean, be vritiaa 

5<      -4-   d    V   , 

CoBttbioiRU tlieas two s-qu&tiaaa gives the rotor e^uatieai for th& ess® of 

viscous «s& elastic restraijots is the control systs®. 

I   'J? r>-       k A ' •      i**%      f^   f*^   1 1 U_J C-w.3 iviv        -r-o   ii-Ki^H", ! 

/-- 

n n 
-r Mi    i M. ,       iPi/-  «£ 1   +Ci   (w   +X      -4- e 

•a •»    ' V
M   ^-^a 

i      .,--"£ •or.. I -'? k*   ]       ~.     R     j*?L   . p r\^    1 

The otthsr tec etfu&ticiis. of motion are equations 6^ 52b and 6.•33& ox 



* I 

ot jriotioa can oe wrifct 

.-.ritrol is asyusfcd. to be- fixed, the rotor eqpBftwlon 

"-,   P     ! •       i. P    P     ,,. 5» ,.r 
"•^6   i 

G.i~ 

- o: 

i   EQM ***"•»       /^*\           ^ 1 
**^lw"M»Wl '-^•3 s \ \   \ 

i** ** A» u» 
fv( T' 

) ' i 
! %r n '    i    i i 

"The tersss proportional to pitching acceleration end translations! 

acceleration are ssall and for- sost cases can be neglected. Dividing 

through by twice the spring constant k~. an expression similar  to that 

for an autopilot- is obtained In which the feedbacks are proportional to 

forward velocity and pitching velocity of the tip path plane. 

a., r 

u. 
r 
L C~t 

o 
ill* 

ex h 

: ;.._ it, i * ; _ v 4- diLlmr, i 

&ler:t to the characteristic  tiro? l&g. of the autopilot* 

RSSTRXCttD 

&^i!;*v£ iV^VfcjyiiiT.'i'jvr 
•_y— ti.- ~-,^.*''"-r.:.-iLv"."-'•;A"."j;:.j.".-.'?i;--!-*V'i i^t--;.<-^^«ja^ar?j-a"-fc. ^* 



:-*in„>,'v-.4^*-----f.' *:*irs-----?.sy-sertw3a>:ft •«*»>« 

HgSggCTED 

[a most a&ges fcfec  f^s&b&ck proportional to forward velocity is; assail 

the pitclting velocity of tivs ttj psils pl&a&, 

Lscted asd if Hofeefi«a6»e2"!s r'qE*gy3l static'" 

* -CX...«  tbe txassfftr function of the 

••£,» 

in.   SQSpjK^.SOa  'irt-tiJ   UV&1C   C?.U'.3   t- 

If tails forser fsjeiisack is ?*«; 

condition la aaawaed,.  I.e. a 

equivalent autopilot ca& se ~*» 

S I 

X f 20 Mj 

ex. K„ 

* •vi^ y\. 
-•<»( MBH mnit rtuA "'! 

•Ql y. 0 T.3^ w 

\ 1 ~r / \ \ 

y r Cliil.TJ.T 

T-mere s sggdn the tii»i lag«    Fo:r  iha c&£*» of no viscous restraint 

In the    " system t4s* equivalent time lag ia a«ro sad the transfer ftactioa 

becosaeB 

oc «...?  *J , •}. fa 

1 



*,'iw-I.y-.!"!Hf.vv ^":;^vv*y^^,\*3*---:lv(w**wv.::./;i-,Hi?'--^'*^^?-i c '';v*»'-^'--V;.-""v^-''>^i' 

! 

">*-.v ^ , -" T"" "y*   •—-*-. *Rw4 

ft' 

i    * 

C*-      w* ;>L.ii,C;i^~!-'w 

)__ ( 

\  of swash plate 

^e: 
k« c 

;> 1 

( 
t 
i 

I..., ] 

/ 
/ 

.•-•-,-£- 5wash piaTe. 

C r-ryr rn i 

Pie* 1      Sebesafefci^ Diagram of V'i»:'ous -nA Elastic Control Restraints 

p»-.  ^T)') ";"['"£>'. 
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